WLAN is a wireless network which provides connectivity in a limited area. IEEE 802.11 is the most widespread standard for wireless LANs, but it is not suitable for real time services. The draft standard IEEE802.11e provides solutions for Quality of Service (QoS), and maintains the compatibility with the IEEE802.11 standard. The paper, after a brief introduction on the WLAN technology, describes the IEEE802.e solutions for QoS and provides simulation results in an ad hoc network with different loads. It is shown that QoS in an ad hoc network can be provided with completely distributed techniques even if the network is heavy loaded with real time services.
INTRODUCTION
WLAN is a wireless network which provides connectivity in a limited area. IEEE 802.11 is the most widespread standard for wireless LANs, which includes two network topologies: Infrastructure Network, consisting of a Distribution System (DS) that connects two or more Access Points (APs). Each AP provides a radio coverage and each station (STA) is attached to one AP. One AP with the attached STAs is called Basic Service Set (BSS). The DS with the connected BSSs is an Extended Service Set (ESS). The ESS allows the communication between STAs belonging to different BSSs. Ad Hoc Network, where the STAs are connected peer-to-peer. An Ad Hoc Network self-creates, selforganizes, self-administrates. The STAs sharing a radio channel form an Independent Basic Service Set (IBSS). Performances of an Ad Hoc Network strictly depend on the STAs number, on the mutual distance, and on their instantaneous position. All the algorithms are completely distributed. IEEE 802.11 is the most widespread standard for wireless LANs, but it is not suitable for real time services. The draft standard IEEE 802.11e provides solutions for Quality of Service (QoS), and maintains the compatibility with the IEEE 802.11 standard. The paper is organized as follows. Section 2 describes the IEEE 802.11 WLAN standard, section 3 deals with the required changes to the MAC protocol for the support of QoS. In section 4 the simulation scenario is described; in section 5 simulation results are provided with comments and conclusions.
IEEE 802.11 WLAN
The standard IEEE 802.11 defines the Physical (PHY) and Medium Access Control (MAC) layer for Wireless LANs, both for infrastructure and ad hoc topologies. The most important physical layers are: b, which works at 2.4 GHz and provides up to 11 Mb/s a, which works at 5 GHz and provides up to 54 Mb/s g, which works at 2. 
k -1. When a STA which has launched the backoff procedure finds the medium as free, it begins to decrement of a slot time the backoff timer until it relieves the medium as occupied. When this timer reaches zero value, the station transmits the Mac Service Data Unit (MSDU). Each MSDU which has been correctly received must be acknowledged with and ACK frame. If the ACK is not received into an ACKtimeout time, then the transmission is considered unsuccessful and the backoff procedure is launched by duplicating the previous CW value as follows:
CW CW
The backoff time at the i-th tentative of access is:
When a STA has successful transmitted a MSDU, it launches a post-backoff procedure in order to allow other stations to access the medium. DCF is the basic MAC for both infrastructure and ad hoc 802.11 networks. An added function, not mandatory from the standard, is the Virtual Carrier Sense (VCS), which solves the hidden node problem with RTS/CTS frames. Finally, the PCF is an optional access technique which can be implemented only in infrastructure networks where the Point Coordinator (PC) regulates the access to the medium during a time called Contention Free Period.
QOS IN IEEE 802.11
DCF is for best effort services, because it does not provide QoS. In fact all the stations belonging to a BSS or an IBSS compete with the same priority to access the same wireless medium. In the standardization bodies was accepted that QoS mechanisms had to be added in the 802.11 standard, and in 1999 the task group TGe was created, that later gave birth to the draft standard IEEE 802.11e. This new MAC maintains the compatibility with 802.11. In IEEE 802.11e, the stations are named QSTA, the BSS and IBSS are QBSS and QIBSS. It is worth to underline that the existence of a QBSS or a QIBSS does not preclude the good functioning of the nonQoS stations. Once a STA has won the competition to access the medium, it transmits MSDUs for a period whose maximum depends on the AC and is TXOPlimit [AC] . Therefore the in EDCF a STA is allowed to transmit more than a frame without having to regain access to the channel.
SIMULATION SCENARIO
Simulations have been performed with Network Simulator version2, which is an open source simulator for different kinds of telecommunication networks. The simulated scenario is the ad hoc network represented in figure 1. The ad hoc network is composed of 6 wireless stations in fixed positions. Each STA performs one or more transmissions of real time (voice, videoconference), multimedia (video and audio streaming) and best-effort (data transfer) applications. The simulation time has been divided into three subintervals where the different traffic sources start, until the network load reaches the full load. As shown in figure 2, in the first time interval, voice and videoconference start; in the second time interval, streaming audio and audio-video are added; in the third time interval, the network is loaded with best effort data transfers until the saturation point of the network. The network load is 17% in the first time interval (30 s), 88% in the second time interval (30 s), 104% in the third time interval (30 s). Data traffic: unidirectional CBR source at 128 kb/s, packet length 1500 bytes, packet interarrival time 9.6 ms The transport layer implemented for simulations is UDP for voice, videoconference, MPEG-2 and MP3, and TCP for data transfer. Data transfer 0 Table 2 shows MAC parameters chosen for DCF and EDCF simulations. The common values are default values of the IEEE 802.11b physical level; EDCF parameters have been chosen in order to obtain good differentiation among access categories. The RTSThreshold has been chosen such that the RTS/CTS mechanism is not applied to voice and audio of the videoconference traffic. Table 3 shows the mapping among traffic sources and ACs; table 4 presents physical parameters used for simulations. Carrier sense and Rx ranges have been computed considering antennas height of 1.5 m. Table 5 shows needed QoS parameters for the described simulation scenario. 
SIMULATION RESULTS
Simulations compare ad hoc network performances between DCF and EDCF MAC in terms of throughput, average and instantaneous delay, jitter, IPDV. Table 6 shows the videoconference average delay, jitter, and IPDV with DCF and EDCF functions. EDCF guarantees QoS limits even in the third simulation interval, when the network is high loaded. In tables 7 is shown that the probability that the delay of real time traffic is lower than 50 ms is always higher than 99% with EDCF, and is sometimes lower than 50% with DCF. Finally, table 8 shows PLR for EDCF and DFC, highlighting EDCF better performances. 
